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is situated at the equator it will after twenty seconds be inclined at an
angle of Oc 5' to the vertical. If this angle is trebled as a result of mech-
anical faults the effect is still not serious. Further, if the gyroscope's
centre of gravity is coincident with the intersection of its three axes of
support it is unaffected by accelerations of the aircraft in which it is
carried. With a total weight of a few ounces only, the gyro-vertical will
serve the same purpose as a long-period pendulum, a device which
because of its weight and/or length cannot be carried on an aircraft.
A pendulum indicator when limited to a practical size is of no use as an
indicator of the vertical except when the aircraft is flying with uniform
speed in straight flight. Under any other condition it will be displaced
from the vertical by accelerating forces. The bubble indicator (spirit
level) is subject to the same limitation.

Similarly, the error given by a directional gyro is small over a short
period of time. Thus if either a continuous or an intermittent short-
period correcting couple is applied to the gyroscope errors can be reduced
to a negligible quantity.

Fig. III. 4 is a diagram showing how a free gyroscope is used as a
directional gyro and as a gyro vertical. The gyro rotor is supported in
gimbal rings which are free to turn about horizontal and vertical axes.
The outermost ring is supported in a frame and it will be seen that the
frame can be turned about the rotor in any direction, except when all
three axes are in the same plane.

With the directional gyro, angular movement about a vertical axis is
detected by fixing a compass degree scale to the vertical gimbal and a
pointer to the outer frame, the latter being rigid with the aircraft. In
Fig. III. 4 the pointers are shown feed to the gimbal ring for convenience
in illustration. With the gyro-vertical, pitching movements are measured
by the relative movement between the frame and the horizontal gimbal,
and rolling movements by relative motion between the frame and the
vertical gimbal. The N-S line of the compass scale on the directional
gyro is usually aligned with the rotor axle (see Chap. 3), so that the
latter is parallel to the longitudinal axis of the aircraft only when the
course is due north or south. In the gyro vertical the axis of the vertical
gimbal is set parallel to the longitudinal axis of the aircraft and remains
in this relationship for all directions of flight. The axle of the gyro is
vertical as shown in Fig. III. 4.

The directional gyro. The requirements of a directional gyro are (a)
that the gyro axle shall remain horizontal and (b) that the gyro axle shall
continue to point in a fixed direction in the horizontal plane, say, north.
The reader will remember from Section I, Appendix 6, equation (63)
that the rate at which the gyro will move away from a set course is given
by the expression 01 sin x -f o>a sin 6 tan x, and the gyro must be con-
strained to process at this rate about the vertical if a north heading is
to be maintained. It will be observed that unless the course 6 is due
W or E the lattitude X is continuously changing and hence there is an
angular acceleration as in the case of a gyro which is intended to define
a reference for a great circle track. If the course is due E or W the
angular velocity of the gyro is o> sin X + <*a tan x and is constant since
the latitude X does not change. In this instance the gyro could be con-
strained to maintain its heading by applying a simple gravitational torque,
that is, the gyro can be balanced so that it maintains its northerly heading